The Falck fluorescence histochemical method was used to compare the adrenergic innervation in segments from the proximal saphenous artery, the distal saphenous artery and the popliteal artery. Adrenergic neurons penetrated the media of the proximal saphenous artery but not that of the distal saphenous artery or the popliteal artery. Responses of these vessel segments to exogenous Z-norepinephrine and to electrical stimulation of their intramural innervation were measured. The median effective dose (ED 50 ) of Z-norepinephrine was ten times greater in the proximal saphenous artery than it was in the distal saphenous artery and the popliteal artery. The response of the proximal saphenous artery to neural stimulation was nearly double that of the distal vessel and required one-fifth of the time to achieve maximum tension; the response of the popliteal artery was negligible due to its low density of innervation. The three-dimensional medial distribution of the adrenergic neuronal plexus in the proximal saphenous artery should (1) increase the efficiency of neuronal uptake of Z-norepinephrine and thereby account for the increased ED B0 of Z-norepinephrine, and (2) decrease the mean distance between adrenergic nerves and medial smooth muscle cells. Therefore, transmitter would accumulate more rapidly and reach a higher level in the media during neural activity.
• The adrenergic innervation of most blood vessels is limited to the adventitio-medial junction (1) . However, a survey of the pattern of adrenergic innervation of arteries of the rabbit by a fluorescence histochemical technique has shown that adrenergic neurons penetrate the outer one-half to two-thirds of the media of the proximal saphenous artery (2) . Furthermore, the distribution of the adrenergic plexus is not uniform along the length of this artery. At the distal end of the vessel the innervation is restricted to the adventitio-medial junction.
Therefore, the distribution of adrenergic innervation was studied in detail along the entire length of the saphenous artery and along the adjacent proximal portion of the popliteal artery. Variations in the pattern of adrenergic innervation of these arteries were related to differences in their responses to sympathetic stimulation in vitro.
Methods
New Zealand rabbits weighing 2.5-3.0 kg were killed and exsanguinated; vessels were removed for functional and histological study.
Vessel ring segments, 1 mm in length after excision, were mounted in vitro to record changes in wall tension using the method of Bevan and Osher (3) . Doses of Znorepinephrine were added sequentially directly to the tissue bath to obtain cumulative dose-response curves; the highest dose used was 33 fig/ml. From these observations the median effective dose (ED^) of Znorepinephrine was obtained. Neurogenic responses were elicited by field stimulation; a maximum frequency of 50 Hz, a pulse duration of 0.3 msec, and a supramaximal voltage were used. These stimulation parameters elicited only indirect (neural) responses.
For in vitro measurements of vessel dimension, 1-cm segments of arteries were removed from the rabbit, cleaned, blotted, and frozen in isopentane chilled to the temperature of liquid nitrogen. Measurements of histological sections were made with an ocular micrometer calibrated with a stage-level grid.
Tissues were prepared for fluorescence histochemistry of their adrenergic innervation by the Waterson and Smale (4) modification of the Falck (2) method. Two controls were used. First, three rabbits were injected with reserpine: 2 days prior to preparation of the arteries for fluorescence histochemistry 5 mg/kg of reserpine was given intraperitoneally and 1 day prior to preparation 2.5 mg/kg was given intravenously. Second, tissues of three rabbits were prepared by the normal procedure, except that paraformaldehyde was excluded from the process.
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Other arteries were fixed in situ by a modification of the method of Rossmann and Vavra (5) . Under sodium pentobarbital anesthesia, the artery to be studied was carefully dissected free from surrounding tissue. A thin circular polyethylene disk, 6 mm in diameter was positioned under the vessel without constraining or compressing the artery; this disk prevented adhesion of the artery to underlying tissue during freezing. The artery was then covered with gauze pads moistened in normal saline at 37°C for 30-45 minutes. An electric lamp was used to maintain body temperature. In two of the experiments the arteries were observed periodically through a dissecting microscope with an ocular micrometer. The external diameters of the arteries increased during the first 15 minutes and remained constant thereafter.
Before freezing, a small aluminum funnel was positioned over the artery in contact with the polyethylene disk. The funnel tip was 6 mm in diameter and contained a groove to accommodate the artery. Vaseline was used to form a seal between the artery, disk, and funnel. The artery was frozen by filling the funnel with liquid nitrogen, and it was then sectioned, removed rapidly to prevent thawing, and placed in an aluminum container chilled with Dry Ice prior to processing for microscopic observation.
All tissues were observed with a large Zeiss fluorescence microscope equipped with a dry, dark-field condenser system and a model II fluorescence illuminator. Fluorescence was produced with an HBO 200 mercury vapor lamp, a 3-mm B.G. 12 excitation filter, and a 500-nm barrier filter. All observations were made at low power, and photographs were taken with a ZeissIkon camera, using Kodak Tri-X film,
Results

FLUORESCENCE HISTOCHEMISTRY
The saphenous artery originates from the femoral artery, rapidly becomes subcutaneous, and passes towards the foot. Near the ankle it divides into the malleolar and the posterior tibial arteries. A small branch to the abductor longus muscle leaves the saphenous artery 1 mm from its origin. Fluorescence associated with adrenergic innervation in the saphenous artery began distal to this muscular branch.
Segments from proximal, intermediate, and distal sites of 32 saphenous arteries (distal to the muscular branches) were studied for the pattern of their adrenergic innervation by fluorescence histochemistry ( Fig. 1) . Immediately beyond the muscular branch intense fluorescence was observed. In all proximal saphenous artery segments, this fluorescence penetrated the media; in 9, 18, and 5 of these segments fluorescence penetrated two-thirds, one-half, and one-third of the thickness of the media, respectively. In sections examined from the middle third of the saphenous artery, fluorescence was consistently seen in the outer one-fourth to one- third of the media. In the distal saphenous artery, 30 segments exhibited no medial fluorescence and 2 segments showed sparse fluorescence penetrating the outer one-eighth of the media. All saphenous artery tissues distal to the small muscular branch consistently exhibited fluorescence at the adventitiomedial junction. Fluorescence was seen in 4 of 7 segments from the popliteal artery; it was located at the adventitio-medial junction and was extremely sparse. Figure 1 shows fluorescence histochemical micrographs of characteristic sections of the artery segments. Neither control exhibited the specific fluorescence associated with adrenergic innervation.
BEVAN, PURDY
Since vessel responsiveness can partially be related to density of innervation (6), the histochemical findings suggest that, of the two terminal branches of the femoral artery, the saphenous artery is probably more responsive to sympathetic activity than is the popliteal artery. Furthermore, the characteristic neurogenic response of the proximal and distal ends of the saphenous artery should differ. These possibilities were explored in vitro by measuring the dimensions of the vessel walls and their responsiveness to sympathetic nerve activity and Z-norepinephrine.
VESSEL DIMENSIONS
Wall thickness and lumen diameter of the saphenous artery and the proximal part of the popliteal artery measured in vitro and in vivo are shown in Table 1 . Both terminal branches of the femoral artery were of equal external diameter. The wall thickness of the popliteal artery was significantly less than that of the saphenous artery. Although the lumen diameter of; the saphenous artery did not change throughout its length, its wall became progressively thinner. Gillespie and Rae (6) found that blood vessel responsiveness to both neurogenic stimulation and exogenous Z-norepinephrine was related to the ratio of wall thickness to lumen diameter (Table 1 ). This ratio was highest both in vitro and in vivo in the proximal saphenous artery and lowest in the popliteal artery.
The method of preparation of tissues in situ was designed to fix the arteries as close to their in vivo state as possible. Rossmann and Vavra (5) prepared mesenteric arteries in situ by a method similar to the present method and found that the elastic components, particularly the internal elastic lamina, were not coiled or wavy, but straight. Only those arteries frozen in situ that exhibited a straight internal elastic lamina were included in this study.
VESSEL RESPONSIVENESS
The following parameters were measured in segments of the proximal and distal saphenous artery and the popliteal artery approximately 1 mm in length: (1) the maximum force developed in response to electrical transmural stimulation of the intramural innervation expressed as a fraction of the maximum force developed in response to the application of exogenous Z-norepinephrine, (2) the time required to reach maximum neurogenic response, (3) the ED M of Z-norepinephrine, and (4) the maximum force developed in response to exogenous Z-norepinephrine (33 /ag/ml). The first three parameters are either not expressed in terms of or are independent of the absolute size of the responses measured. A comparison of absolute maximum developed tension to i-norepinephrine has some validity, since equal in vitro lengths of tissues were used. The findings are summarized in Table 2 , and responses to i-norepinephrine are illustrated in Figure 2 .
The proximal saphenous artery developed the greatest maximum isometric force in response to neurogenic stimulation in the shortest time. Only two of the four popliteal arteries studied responded to neurogenic stimulation. The maximum force developed in the two responding arteries was nearly All values are means ± SE; four segments of each type were studied. NS = neurogenic stimulation; /-NE = Z-norepinephrine. *P < 0.05 compared with the proximal saphenous artery. tP < 0.01 compared with the proximal saphenous artery negligible. The EDB0 for Z-norepinephrine on the proximal saphenous artery was approximately ten times that for the distal saphenous artery and the popliteal artery. However, the maximum response to exogenous Z-norepinephrine was highest in the proximal saphenous artery, intermediate in the distal saphenous artery, and lowest in the popliteal artery. When expressed as grams of force developed per unit cross-sectional area of vessel wall, there was no difference in the magnitude of the contraction recorded from the three artery segments (P > 0.05). The ratio of the neurogenic response to the response following a maximum dose of I- norepinephrine was greatest in the proximal saphenous artery, a little smaller in the distal saphenous artery, and considerably smaller in the popliteal artery.
Discussion
Although the adrenergic innervation of various parts of the arterial tree is not uniform in density (7) (8) (9) , it is found characteristically at the adventitiomedial junction (1, 7, 8, 10, 11) . A number of exceptions to this pattern have been documented (1, (12) (13) (14) (15) (16) (17) (18) , but their significance or consequence has not been studied.
A comparison of the medially innervated proximal saphenous artery with the distal saphenous artery and the popliteal artery may provide an opportunity to study these differences in innervation. For this comparison to be legitimate, it must be shown that these artery segments differ only in their pattern of innervation and not in other respects.
The maximum force developed to Z-norepinephrine expressed as grams per unit cross-sectional area of vessel wall by the three artery segments was identical. Therefore, in this small series maximum response to J-norepinephrine was closely related to wall thickness and not so closely related to the ratio of wall thickness to lumen diameter, as suggested by Gillespie and Rae (6) . The similarity of the maximum tension developed to Z-norepinephrine implies that differences in the response of these artery segments was not the result of differing inherent reactivities of their smooth muscle. In the medially innervated proximal saphenous artery the maximum neurogenic response was a higher fraction of the response elicited by i-norepinephrine, the time to achieve maximum tension was shortened by 80*, and the ED B0 for Z-norepinephrine was ten times higher.
When released at the adventitio-medial junction, Z-norepinephrine diffuses into both the adventitia and the media (19) . The rate of diffusion of lnorepinephrine through the media is important in determining the rate of response to neurogenic activity (20) . Also, propagation may participate at least in the initial response of muscular arteries (21) . If the diffusion characteristics of the proximal and distal segments of the saphenous artery are similar, then the presence of medial adrenergic innervation would have at least two consequences. First, the mean distance for diffusion between the adrenergic nerves and the medial smooth muscle cells would be decreased. The maximum transmitter diffusion distance in the proximal saphenous artery is less than one-half the thickness of the media; in the distal saphenous artery and the popliteal artery the maximum diffusion distance is equal to the medial thickness. Second, the distribution of the concentration of neurogenic Z-norepinephrine in the media would be more uniform and higher in the proximal than it would be in the distal saphenous artery. When the adrenergic plexus is located at the adventitio-medial junction, the concentration gradient of neurogenic Z-norepinephrine is highest on the adventitial side and lowest on the intimal side of the media (20) . As Z-norepinephrine diffuses across the media, disposition mechanisms may reduce its concentration below threshold levels (19) . Medial innervation decreases exposure of Z-norepinephrine to such mechanisms because of the decreased diffusion distance. Furthermore, neurogenic release of Z-norepinephrine throughout the outer two-thirds of the media would prevent the formation of a concentration gradient across at least this part of the wall.
Although the proximal saphenous artery was more responsive to neurogenic stimulation than was either the distal saphenous artery or the popliteal artery, it exhibited a tenfold lower sensitivity to exogenous Z-norepinephrine. This latter difference may be related to the medial innervation. Studies by de la Lande et al. (22) and Tbrok and Bevan (23) indicate that, depending on the placement of adrenergic nerves relative to the muscle in the vessel wall, neuronal uptake can decrease the effective concentration of exogenous Z-norepinephrine at the alpha receptors of the medial muscle. The three-dimensional pattern of the adrenergic nerves of the proximal saphenous artery provides an efficient means for inactivation of exogenous Znorepinephrine regardless of its route of entry.
These data suggest that the proximal saphenous artery responds to neural activity by a forceful, rapid constriction that restricts blood flow to the cutaneous and connective tissue beds which it supplies. Because the adrenergic innervation of the proximal saphenous artery begins immediately distal to the small branch supplying the abductor longus muscle, blood flow in this branch probably is unaltered by such activity. If the proximal saphenous artery of the rabbit can significantly reduce blood flow to the paw by vasoconstriction, then there would be a second site of resistance to flow in series with the small resistance arteries and arterioles.
